Background {#Sec1}
==========

Laparoscopic cholecystectomy (LC) is the standard treatment for acute cholecystitis \[[@CR1], [@CR2]\]. LC has been linked to a lower complication rate and shorter postoperative hospital stay compared with open cholecystectomy (OC) \[[@CR3], [@CR4]\]. Performing early cholecystectomy on patients admitted for acute cholecystitis is preferable to postponing the operation to be performed when the acute phase is over, since an early procedure has been recognized to shorten postoperative hospital stay and lower hospital care expenses \[[@CR5], [@CR6]\].

Gallbladder disease is among the leading causes for hospital admission for acute abdomen among adults and the most common indication for abdominal surgery in the elderly \[[@CR7], [@CR8]\]. In situations when LC is unsafe the surgeon might have to convert to an open procedure. The risk of conversion is higher in LC for acute cholecystitis than it is in an elective procedure \[[@CR9]\]. The risk of conversion for patients undergoing LC for acute cholecystitis has been linked to male gender, age, previous endoscopic retrograde cholangiopancreatography (ERCP), a non-palpable gallbladder, elevated C-reactive protein (CRP) and white blood cell count (WBCC), gangrenous inflammation and the experience of the operating surgeon \[[@CR10]--[@CR13]\]. Conservative treatment with antibiotics and delaying the procedure to be performed after the acute phase has shown no change in conversion and complication rates \[[@CR5], [@CR14]\]. Patients who have had to undergo conversion have had more complications, which have led to further operations and a longer postoperative hospital stay \[[@CR10]\].

Accounting for risk factors for conversion and complications is important when planning the procedure and deciding on whom to assign to perform the cholecystectomy. Experienced surgeons have been shown to have a lower complication rate for LC compared with surgeons in training \[[@CR11]\]. Informing the patient about the procedure and the risk of complications is likewise important.

The aim of this study was to identify risk factors associated with conversion in patients with acute calculous cholecystitis. The risk factors for postoperative complications and the most common complications were also to be identified.

Methods {#Sec2}
=======

Patients and data collection {#Sec3}
----------------------------

The study was a retrospective analysis of consecutive patients who had undergone emergent cholecystectomy in Meilahti Hospital, a university teaching hospital, from January 2013 till December 2014. A total of 499 patients were identified from the operating room database by procedure codes for LC and OC and International Classification of Diseases codes for acute cholecystitis. Fifty-four patients were excluded due to acalculous cholecystitis, and 33 due to missing signs of acute inflammation on the removed gallbladder described by the operating surgeon. Nine excluded patients received cholecystectomy during the treatment of another disease that required hospital care and three patients were excluded due to gallbladder malignancy. Twenty-seven patients received OC and were excluded. The remaining 373 patients with acute calculous cholecystitis were included into analysis. Acute calculous cholecystitis was defined as stones visible on preoperative imaging or during gallbladder removal and signs of acute cholecystitis described by the surgeon during the operation.

The preoperative diagnosis of acute cholecystitis had been reached by clinical assessment (tenderness in right upper quadrant, Murphy's sign, fever), laboratory findings (elevated CRP and WBCC) and radiological signs of acute cholecystitis on imaging (thickened gallbladder wall, stones, enlarged gallbladder, edema, abscess).

More than 70 variables concerning personal data, clinical, laboratory, radiographic and intraoperative findings, the procedure and possible complications were collected directly or manually from the patient records. Complications were rated according to the Clavien-Dindo classification and the comprehensive complication index was calculated \[[@CR15]\]. It was also specified what the complications were and how they were treated. Appropriate permissions to conduct the study were obtained from the hospital review board.

Statistical analysis {#Sec4}
--------------------

The analysis of the data was conducted by SPSS Statistics v.22 for Mac OS X (IBM, Armonk, NY). Proportions were reported for categorical variables. Median, interquartile range and range was reported for continuous variables. *P* value was obtained using either Chi-square test or Fischer's exact test for categorical variables and Mann-Whitney *U* test for continuous variables. Continuous variables used for multivariate analysis (CRP, WBCC, age, duration of surgery) were made categorical using cut off values determined from receiver operating characteristic (ROC) curves (Additional files [1](#MOESM1){ref-type="media"}: Figures S1, Additional files [2](#MOESM2){ref-type="media"}: Figures S2, Additional files [3](#MOESM3){ref-type="media"}: Figures S3 and Additional files [4](#MOESM4){ref-type="media"}: Figures S4). Optimal cut off values were defined as the values showing the highest sum of sensitivity and specificity on the ROC curves. Variables with a *P* value of \<0.05 were considered statistically significant and were considered for inclusion in the multivariate analysis. A stepwise forward conditional approach of binary logistic regression was used to identify both risk factors for conversion and complications at a 0.05 significance level.

Results {#Sec5}
=======

LC was initiated in 373 patients of which 84 (22.5%) were converted. Ultrasound (*n* = 301, 80.7%) was the main choice of imaging in patients with clinical suspicion of acute cholecystitis. Computed tomography (*n* = 127, 34.0% was mainly used in patients who presented with severe or diffuse symptoms, and magnetic resonance imaging (*n* = 93, 24.9%) was mainly used in patients with suspicion of bile duct stones in addition to cholecystitis. There were signs of acute calculous cholecystitis on imaging in 314 patients (84.2%) and of acute cholecystitis without radiologically visible stones in 46 patients (12.3%). Gallstones without signs of inflammation were visible in 12 patients (3.2%), and one patient did not undergo any preoperative imaging since the patient was in line for an elective cholecystectomy due to symptomatic gallstones and there was a strong suspicion of acute cholecystitis based on clinical and laboratory findings. On histopathological examination acute cholecystitis was found in 181 (48.5%), gangrenous cholecystitis in 98 (26.3%), acute on chronic cholecystitis in 48 (12.9%) and chronic cholecystitis in 46 (12.3%) patients.

Conversion {#Sec6}
----------

Univariate analysis was performed in order to identify risk factors for conversion (Table [1](#Tab1){ref-type="table"}). A multivariate analysis was conducted separately for preoperative risk factors only and for all risk factors for conversion, and the results are presented in Table [2](#Tab2){ref-type="table"}. The most common reasons for conversion were severe inflammation reported in 47 patients (56.0%) and difficulty with identification of anatomy in 17 patients (20.2%).Table 1Univariate analysis of risk factors for conversionConversion (*n* = 84 22.5 %)^a^LC (*n* = 289)Total (*n* = 373)OR (95% CI)*P*Gender; Male48 (25.4%)141 (48.8%)189 (50.7%)1.4 (0.9--2.3)0.178Age in years, median (range)70 (30--92)61 (20--94)63(20--94)NA\<0.001Heart failure7 (29.2%)17 (5.9%)24 (6.4%)1.5 (0.6--3.6)0.420Impaired renal function2 (18.2%)9 (3.1%)11 (2.9%)0.8 (0.2--3.6)1.000Diabetes23 (33.8%)45 (15.6%)68 (18.2%)2.0 (1.2--3.6)0.014Previous laparotomy on the upper abdomen8 (40.0%)12 (4.2%)20 (5.4%)2.4 (1.0--6.2)0.054Previous laparotomy on the lower abdomen^b^21 (23.9%)67 (24.3%)88 (24.6%)1.1 (0.6--1.9)0.805Previous laparoscopic surgery on the abdomen^b^7 (29.2%)17 (6.2%)24 (6.7%)1.4 (0.6--3.6)0.450No previous surgeries52 (21.3%)192 (66.4%)244 (65.4%)0.8 (0.5--1.4)0.442Duration of symptoms before admission^c^  \< 24 h18 (14.4%)106 (40.2%)124 (36.9%)0.5 (0.3--0.9)0.018 24 h -- 48 h13 (27.1%)35 (13.3%)48 (14.3%)1.4 (0.7--2.9)0.302 48 h -- 72 h16 (25.0%)48 (18.2%)64 (19.0%)1.3 (0.7--2.4)0.439  \> 72 h25 (25.3%)75 (28.4%)100 (29.8%)1.3 (0.8--2.3)0.299 Hours from admission to surgery, median (range, interquartile range)26 (3--109, 18--42)29 (3--144, 20--48)29 (3--144, 20--47)NA0.156Total duration from symptoms onset to surgery^c^  \< 24 h12 (21.4%)44 (16.7%)56 (16.7%)1.0 (0.5--2.0)1.000 24 h - 48 h8 (16.3%)41 (15.5%)49 (14.6%)0.7 (0.3--1.5)0.346 48 h - 72 h16 (21.3%)59 (22.3%)75 (22.3%)1.0 (0.5--1.9)0.982  \> 72 h35 (22.6%)120 (45.5%)155 (46.3%)1.2 (0.7--2.0)0.564Clinical findings Pain in right upper quadrant82 (23.1%)273 (94.5%)355 (95.2%)2.4 (0.5--10.7)0.235 Guarding41 (25.6%)119 (41.2%)160 (42.9%)1.4 (0.8--2.2)0.213 Signs of generalized peritonitis1 (50.0%)1 (0.3%)2 (0.5%)3.5 (0.2--56.0)0.400 Palpable gallbladder6 (30.0%)14 (4.8%)20 (5.4%)1.5 (0.6--4.1)0.410Preoperative laboratory data, median of highest results (range, interquartile range)^d^ CRP (mg/l)215 (3--471, 128--299)123 (3--524, 58--214)145 (3--524, 66--244)NA\<0.001 WBCC (10^9^/l)14 (7--38, 12--18)13 (2.5--32, 10--16)13 (2.5--38, 10--17)NA0.018 ALAT (U/l)27 (5--222, 17--48)30 (4--705, 18--63)29 (4--705, 18--57)NA0.214 AFOS (U/l)85 (48--371, 66--126)80 (24--621, 61--112)81 (24--621, 62--113)NA0.075 Bilirubin (μmol/l)15 (4--121, 9--27)15 (2--230, 9--24)15 (2--230, 9--24)NA0.668Radiographic findings^e^ Abscess1 (100.0%)01 (0.3%)NA0.226 Free fluid9 (36.0%)16 (5.6%)25 (6.7%)2.0 (0.9--4.8)0.097 Thickened gallbladder wall72 (23.2%)239 (83.0%)311 (83.6%)1.2 (0.6--2.4)0.552 Preoperative ERCP3 (17.6%)14 (4.8%)17 (4.6%)0.7 (0.2--2.6)0.773Surgical findings Abscess10 (66.7%)5 (1.7%)15 (4.0%)7.7 (2.5--23.1)\<0.001 Perforated gallbladder12 (33.3%)24 (8.3%)36 (9.7%)1.8 (0.9--3.9)0.102Gallbladder perforation during surgery43 (23.0%)144 (49.8%)187 (50.1%)1.1 (0.7--1.7)0.826 Gangrene of the gallbladder identified by surgeon58 (43.0%)77 (26.6%)135 (36.2%)6.4 (3.6--10.4)\<0.001 Removal of stones from common bile duct000NANA Lead surgeon specialist32 (25.2%)94 (32.5%)126 (33.8%)1.3 (0.8--2.1)0.342 Assistant present53 (29.9%)^f^124 (42.9%)177 (48.1%)2.7 (1.6--4.6)\<0.001*NA* Not applicable, *LC* Laparoscopic cholecystectomy, *OR* Odds ratio, *CRP* C-reactive protein, *WBCC* White blood cell count, *ERCP* Endoscopic retrograde cholangiopancretography, *ALAT* Alanine transferase, *AFOS* Alkaline phosphatase^a^percentages show the proportion of patients with specified risk factor^b^Fifteen patients had mentions of an appendectomy in their patient journals, but it was not specified whether the procedure was laparoscopic or open^c^Duration of symptoms missing from 25 patients in LC and 12 in conversion^d^CRP missing from one patient, ALAT missing from seven patients, AFOS missing from eight patients, bilirubin missing from 18 patients^e^A total of 239 patients had an ultrasound, 65 had computed tomography (CT) and 62 had both. Magnetic resonance cholangiopancreatography (MRCP) was used in 93 patients. One patient did not undergo any imaging^f^Assistant present prior to conversion, info on timing of assistant arrival missing in five cases Table 2Independent risk factors for conversion based on stepwise forward logistic regressionRisk factorOR (95% CI)*P*Analysis of preoperative risk factors onlyCRP over 150 mg/ml3.0 (1.8--5.0)\<0.001Diabetes1.8 (1.0--3.3)0.045Analysis including both preoperative and intraoperative risk factorsAbscess9.2 (2.7--31.1)\<0.001Age over 65 years1.9 (1.1--3.3)0.023Gangrene of the gallbladder5.9 (3.4--10.2)\<0.001The following preoperative findings were included in the stepwise forward logistic regression analysis of risk factors for conversion: age over 65 years, previous laparotomy on the upper abdomen, diabetes, CRP over 150 mg/ml and WBCC over 13x10^9^/l. Gangrene of the gallbladder and abscess were added for the stepwise analysis of all risk factors. CRP C-reactive protein, WBCC white blood cell count

Complications {#Sec7}
-------------

A univariate analysis of risk factors for postoperative complications is presented in Table [3](#Tab3){ref-type="table"}. Risk factors for complications identified by multivariate analysis are presented in Table [4](#Tab4){ref-type="table"}. Sixty-seven (18.0%) patients experienced an overall of 83 complications. The complication rates were 14.5 and 29.8% for LC and conversion respectively (*p* \< 0.001). The 67 patients are grouped in Table [5](#Tab5){ref-type="table"} according to their most serious complication. The median comprehensive complication index for all patients with complications was 22.6 with an interquartile range of 20.9--26.2 and a range of 8.7--100. Twenty (5.4%) patients experienced complications that required surgical, endoscopic or radiological intervention. Three patients (0.8%) experienced a life threatening complication (grade IV) and five (1.3%) deaths (grade V) occurred.Table 3Univariate analysis of risk factors for complicationsRisk factorOne or more postoperative complications *n* = 67 (18.0%)^a^Patients without complications *n* = 306OR (95% CI)*P*Gender: Male44 (23.3%)1452.1 (1.2--3.7)0.007Age in years, median (range)70 (30--92)61 (20--94)NA0.001Heart failure7 (29.2%)172.0 (0.8--5.0)0.139Impaired renal function6 (54.5%)55.9 (1.8--20.0)0.006Diabetes18 (26.5%)501.9 (1.0--3.5)0.043Previous laparotomy on the upper abdomen8 (40.0%)123.3 (1.3--8.5)0.008Previous laparotomy on the lower abdomen^b^16 (18.2%)721.0 (0.5--1.8)0.944Previous laparoscopic surgery on the abdomen^b^2 (8.3%)220.4 (0.1--1.7)0.276No previous surgeries43 (17.7%)2001.0 (0.5--1.6)0.854Duration of symptoms before admission^c^  \< 24 h18 (14.5%)1060.8 (0.4--1.4)0.360 24 h -- 48 h11 (22.9%)371.6 (0.7--3.3)0.235 48 h -- 72 h10 (15.6%)540.9 (0.4--1.9)0.751  \> 72 h18 (18.0%)821.1 (0.6--2.1)0.742 Hours from admission to surgery, median (range, interquartile range)26 (3--92, 16--43)29 (4--144, 20--48)NA0.141Duration from symptoms onset to surgery^c^  \< 24 h9 (16.1%)470.9 (0.4--2.0)0.845 24 h - 48 h9 (18.4%)401.1 (0.5--2.5)0.777 48 h - 72 h14 (18.7%)611.2 (0.6--2.3)0.656  \> 72 h24 (15.5%)1310.8 (0.5--1.5)0.575Clinical findings Pain in right upper quadrant65 (18.3%)2901.8 (0.4--8.0)0.438 Guarding33 (20.6%)1271.4 (0.8--2.3)0.246 Signs of generalized peritonitis02NA1.000 Palpable gallbladder4 (20.0%)161.2 (0.4--3.6)0.767Preoperative laboratory data, median of the highest results (range, interquartile range)^d^ CRP (mg/l)209 (4--477, 114--303)131 (3--524, 62--232)NA\<0.001 WBCC (10^9^/l)14.4 (5.4--37.4, 10.8--18.5)12.7 (2.5--38, 10--16.5)NA0.069 ALAT (U/l)31 (5--473, 18--74)28 (4--705, 18--51)NA0.439AFOS (U/l)91 (24--314, 68--118)79 (26--621, 61--113)NA0.105 Bilirubin (μmol/l)19 (4--92, 11--25)14 (2--230, 9--24)NA0.139Radiographic findings^e^ Abscess01NA1.000 Free fluid7 (28.0%)181.9 (0.7--4.7)0.182 Thickened gallbladder wall61 (19.6%)2502.2 (0.9--5.4)0.069Surgical findings and procedures Preoperative ERCP3 (17.6%)141.0 (0.3--3.5)1.000 Abscess5 (33.3%)102.4 (0.8--7.2)0.160 Perforated gallbladder9 (25.0%)271.6 (0.7--3.6)0.234 Gallbladder perforation during surgery38 (20.3%)1491.4 (0.8--2.4)0.452 Gangrene of the gallbladder identified by surgeon31 (23.0%)1041.7 (1.0--2.9)0.058 Removal of stones from the common bile duct00NANA Duration of surgery in minutes, median (range, interquartile range)110 (60--196, 83--138)98 (34--240, 74--123)NA0.023 Lead surgeon specialist24 (19.0%)1021.1 (0.6--1.9)0.697 Assistant present^f^34 (19.2%)1431.2 (0.7--2.0)0.540 Conversion25 (29.8%)592.5 (1.4--4.4)0.001*NA* Not applicable, *LC* Laparoscopic cholecystectomy, *OR* Odds ratio, *CRP* C-reactive protein, *WBCC* White blood cell count, *ERCP* Endoscopic retrograde cholangiopancretography, *ALAT* Alanine transferase, *AFOS* Alkaline phosphatase^a^percentages show the proportion of patients with specified risk factor^b^Fifteen patients had mentions of an appendectomy in their patient journals, but it was not specified whether the procedure was laparoscopic or open^c^Duration of symptoms missing from 25 patients in LC and 12 in conversion^d^CRP missing from one patient, ALAT missing from seven patients, AFOS missing from eight patients, bilirubin missing from 18 patients^e^A total of 239 patients had an ultrasound, 65 had computed tomography (CT) and 62 had both. Magnetic resonance cholangiopancreatography (MRCP) was used in 93 patients. One patient did not undergo any imaging^f^Assistant present prior to conversion, info on timing of assistant arrival missing in five cases Table 4Independent risk factors for complications based on stepwise forward logistic regressionRisk factorOR (95% CI)*P*Age over 65 years2.1 (1.2--3.6)0.012Male gender2.1 (1.2--3.7)0.013Impaired renal function4.8 (1.4--17.0)0.015Conversion2.3 (1.3--4.1)0.006Variables included in the stepwise forward logistic regression analysis of risk factors for complications were age over 65 years, male gender, C-reactive protein over 150 mg/ml, diabetes, impaired renal function, previous laparotomy on the upper abdomen, duration of surgery over 90 min and conversion Table 5Classification of complications that occurred within 30 days from surgery according to the Clavien-Dindo classification and their treatmentClavien-Dindo classificationLC (*n* = 289)Conversion (*n* = 84)Total (*n* = 373)TreatmentGrade I-II24 (8.3%)15 (17.9%)39 (10.5%)InfectionsAntimicrobial medication Pneumonia8412 Superficial SSI426^a^ Urinary tract infection11 Other infection123Arrhythmias44Antiarrhythmic medicationHigh blood pressure22Blood pressure medicationPerioperative MI22MedicationRespiratory insufficiency112MedicationCongestion112MedicationUrinary retention11CatheterisationPostoperative delirium11MedicationNausea11Antiemetic medicationPerihepatic hematoma11Follow-upWound hematoma11Change of dressingsGrade III a-b13 (4.5%)7 (8.3%)20 (5.4%)Common bile duct stone55ERCPSurgical site effusion44DrainageBile leak33^a^ERCP, stentingDeep SSI; abscess213DrainageWound dehiscence22Re-suturationBleeding from urinary catheter11Bladder washoutIntra-abdominal bleeding11LaparotomyPneumonia; pleural effusion11ThoracocentesisGrade IV a-b2 (0.7%)1 (1.2%)3 (0.8%) Respiratory failure213Intubation, CPAPGrade V3 (1.0%)2 (2.4%)5 (1.3%)Sepsis11Pneumonia11Heart failure11Anoxic brain injury during induction of anaesthesia11Renal failure11Total42 (14.5%)25 (29.8%)67 (18.0%)The most serious complication was classified in patients who experienced multiple complications *LC* Laparoscopic cholecystectomy, *SSI* Surgical site infection, *ERCP* Endoscopic retrograde cholangiopancreatography, *CPAP* Continuous positive airway pressure, *MI* Myocardial infarction^a^The numbers of superficial SSIs and bile leaks are reported lower here than in the text (seven respectively four), since only the most serious complication in patients with multiple complications was categorised in this table. The most serious complication in the fourth patient with a bile leak was a wound dehiscence (Clavien-Dindo grade IIIb)

Of the total number of 83 complications, the most common complications were pneumonia, which occurred in 14 patients (3.8%), a superficial surgical site infection (SSI) in seven patients (1.9%) and a retained common bile duct stone in five patients (1.3%). A bile leak occurred in four patients (1.1%). Two of the bile leaks were from the cystic duct, one from the main bile duct and one was undefined. None of the bile leaks occurred in patients who had undergone LC. The patients who died had a mean age of 81 years (range 70--92) and they all had at least two comorbidities of which one was a cardiovascular comorbidity. The American Society of Anesthesiologists (ASA) classification was IV for four patients and III for one patient. Of the three deaths in the LC group one was from the worsening of heart failure, another from the worsening of renal failure and the third from sepsis. The two deaths among converted patients were caused by postoperative pneumonia and failure of intubation during the induction of anaesthesia, leading to an anoxic brain injury.

Discussion {#Sec8}
==========

LC has become the standard procedure for managing acute calculous cholecystitis. The main concerns are with safety and feasibility as reflected in the risk of conversion to open cholecystectomy as well as the risk of postoperative complications, especially bile duct injuries. Our study focused on the risk factors for conversion and postoperative complications.

Conversion {#Sec9}
----------

Age over 65 years, diabetes and CRP over 150 mg/l were identified as independent preoperative risk factors for conversion. Complications of severe inflammation like gangrene of the gallbladder and an abscess identified by the surgeon were also recognized as risk factors in the multivariate analysis including both preoperative and intraoperative findings (Table [2](#Tab2){ref-type="table"}). Diabetes and CRP over 150 mg/l were however not of significant value in this analysis, which might speak for a correlation between diabetes and the development of gangrene and an abscess leading to high CRP levels. Studies have indeed found that diabetes increases the risk of development of gangrenous cholecystitis and that gangrene increases the risk of conversion \[[@CR13], [@CR16], [@CR17]\]. Gangrene and an abscess might however be hard to recognize prior to the operation and therefore CRP levels and history of diabetes might be of better use when estimating the difficulty of the planned procedure.

High age, diabetes and CRP have been recognized as risk factors for conversion by other studies as well \[[@CR10], [@CR12], [@CR13], [@CR18]\]. Age as a risk factor has been speculated to be related to a longer history of gallbladder disease, masked symptoms and patient delay \[[@CR12], [@CR18]\]. History of previous abdominal surgeries and male gender have also been linked to conversion \[[@CR18]\]. Seven (8.3%) patients were converted due to adhesions from previous surgeries, but history of previous abdominal surgeries was not recognized as a risk factor in this study and neither was male gender. The presence of an assistant was associated with conversion in the univariate analysis, which is probably a result from assistants being called to particularly challenging surgeries. Hence we did not consider the presence of an assistant as a risk factor for conversion.

Early cholecystectomy is recommended over conservative treatment followed by delayed cholecystectomy \[[@CR14], [@CR19]\]. The optimal time point for cholecystectomy resulting in the lowest conversion and complication rates is still under debate \[[@CR2]\]. Some have found that surgery within 48 h from admission lowers the complication rate, whilst others have concluded that cholecystectomy within 5 days of admission yields as good as results in conversion and complications as surgery performed as soon as scheduling allows \[[@CR20], [@CR21]\]. Also, a recent randomized trial found that early LC results in lower morbidity and hospital stay compared to delayed cholecystectomy even in acute cholecystitis with symptoms over 72 h prior to admission \[[@CR22]\].

No correlation between the time from admission to surgery or the total duration of symptoms and conversion or complications was however documented in this study. This might have been caused by a selection bias resulting from patients with a clinically more severe condition being operated on earlier. Also the initial onset of symptoms might have been hard to notice by elderly patients with several comorbidities. After diagnosis of cholecystitis antibiotics were initiated, which might have slowed down the progression of cholecystitis. Prehospital delay of less than 24 h from symptoms onset was associated with the lowest conversion rate, which might tell us that cholecystitis without any treatment is of higher significance than the in-hospital delay. It is also possible that the inflammation progresses individually and that time does not seemingly have a great impact on the development of the inflammatory process.

Complications {#Sec10}
-------------

Age over 65 years, male gender, impaired renal function and surgery finished as open cholecystectomy were identified as independent risk factors for complications. The overall complication rate of 18.0% falls within complication rates of 9 -- 20% reported by other studies \[[@CR12], [@CR13]\]. The complication rate after conversion was significantly higher than after LC. Since higher age, diabetes and advanced infection were associated with conversion it is possible that these factors also contribute to increased postoperative complications. Furthermore, wound complications like wound infections and ruptures were more common after conversion to open surgery. Age, male gender and gangrene have been recognized as risk factors for complications by other studies on acute cholecystitis \[[@CR12], [@CR13], [@CR17]\]. Studies with patients operated on both electively and emergently have also recognized age, male gender and conversion as risk factors for complications \[[@CR23], [@CR24]\].

The overall bile duct injury (BDI) rate in this study was 1.1%, with a rate of 4.8% for cholecystectomies finished as open surgeries. However, most bile duct injuries were Strasberg classification type A, and all injuries were managed endoscopically \[[@CR25]\]. None of the BDIs in this study occurred in patients who received LC, which reflects on the safety of LC, but might also be a result from difficult procedures being converted before BDIs could occur. This is supported by the rather high conversion rate in our study. Other studies have reported BDI rates of 0.62--0.9% for LC and 0.38--1.24% for OC \[[@CR26]--[@CR28]\]. These studies were however not homogenous for acute cholecystitis for which the risk of BDI has been reported as twice as high compared with patients who undergo cholecystectomy electively \[[@CR29]\].

It was predicted that the BDI rates after LC would become lower as the procedure became more common, but according to some studies this prediction has not yet been fulfilled \[[@CR30]\]. There are also results on the opposite trend -- BDI injuries having become more common after OC -- which raises concern on surgeons in training not learning appropriate technique for OC in the laparoscopic era \[[@CR27]\]. Patients chosen for conversion or direct OC are however often suffering from a more severe inflammation that makes the tissues more prone to rupture and hence patients who have their surgery finished as an open procedure might be at risk for BDI due to inflamed, rupture-prone tissues rather than inadequate surgical technique. Some studies comparing the results on surgeons in training versus specialists performing cholecystectomy have concluded that the overall complication rate is higher for surgeons in training \[[@CR11]\]. Our study did not show such a correlation, but this might be due to a bias resulting from clinically more severe cases being assigned to specialists. Prospective randomized trials are naturally unethical to perform since patients should always be offered the best care available.

Mortality (1.3%) in the present study was somewhat higher than mortality rates of 0.7--1.1% reported by other studies \[[@CR12], [@CR31]\]. The patients who suffered a mortal complication in this study had several comorbidities and were clinically considered high risk surgical patients. Treatment options for severe acute cholecystitis apart from cholecystectomy consist of antibiotics and interval cholecystectomy or the use of percutaneous transhepatic cholecystostomy (PTHC) possibly followed by cholecystectomy. Currently there are no results on the impact of interval cholecystectomy or PTHC for subgroups of high risk surgical patients. To determine the best treatment in such patients a randomized controlled trial has been initiated in the Netherlands where the use of LC and PTHC in high risk patients are to be compared \[[@CR32]\].

Limitations {#Sec11}
-----------

Like all retrospective review studies this study has its limits. Data concerning body mass index, which might have been associated with conversion, was missing from many patients and was not included in the study. Data on symptoms duration was also missing from many patients and hence it was not included in the multivariate analysis. The study is also limited by its sample size. Different risk factors might correlate with different complications and the severity of complications, but such a correlation cannot be evaluated with a limited sample size.

Conclusions {#Sec12}
===========

Early LC is safe and feasible in the treatment of acute calculous cholecystitis. The risk of postoperative complications is increased by risk factors like male gender, high age and impaired renal function and conversion to open surgery. Of these factors the only one that can be influenced is conversion. Manifestations of advanced cholecystitis like high CRP, gangrene of the gallbladder or abscess formation increase the risk of conversion to open cholecystectomy. Early identification and treatment of acute calculous cholecystitis might lower the number of patients with advanced cholecystitis and thus reduce the amount of converted patients and postoperative complications. When LC cannot be performed safely conversion should be initiated to minimize the risk of bile duct injuries. Also enough attention should be paid to surgeons in training learning appropriate technique for performing open cholecystectomy.

Additional files {#Sec13}
================
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